During 1953 there were just over forty deaths per week from leukaemia in England and Wales. This was, of course, a small proportion of the total number of deaths, but the years of potential life lost by death from leukaemia were disproportionately great: greater, for example (reckoning life to the age of 75) than those lost by. death from peptic ulcer, non-respiratory tuberculosis, or all diseases conventionally attributed to viruses. Leukaemia derives an added importance from the fact that its rate of increase in recent years has been greater than that of any other cause of death except lung cancer and coronary thrombosis. Yet hardly .anything has been written about leukaemia from the epidemiological point of view.
There seem to be two reasons for this neglect: the number of cases observed by a single clinician is rarely sufficient to suggest any aetiological hypothesis; and a suspicion exists (also expressed in connexion with lung cancer and coronary thrombosis) that standards of diagnosis may have varied from time to time and from place to place in such a way as to vitiate any statistical analysis. The present study therefore suffers from two faults: that it had to be based entirely on secondary sources, and that it had to be conducted as if diagnostic standards were always uniform. This may not deprive the conclusions of all value; for example, the effect of regional variation in speed of diagnosis is kept to a minimum by restricting attention to death certificates. No distinction is made between acute and chronic forms of the disease, but deaths which have not been classified as belonging to any of the three main groups are described either as "acute leukaemia of unspecified type" (6 per cent.) or as "other and unspecified leukaemia" (3 per cent.).
There is a slight excess of males among persons dying of leukaemia. This is principally due to the high sex ratio ( x 100) in the lymphatic type. The contrast between the two main groups is much too large to be attributed to chance (X2 with one degree of freedom, 59-01; P < 10-10). Moreover it has not resulted from the greater proportion of females at risk in the elderly population, since this would have tended to lower the sex ratio for lymphatic leukaemia in relation to that for the myeloid type (see below). Nor can this result be attributed to variations in diagnosis. There is therefore some aetiological difference between the two main types of leukaemia, which must be associated with a difference between the sexes in ,exposure or susceptibility to leukaemogenic influences.
Sex ratios in the years
The relationship between age and leukaemia mortality is shown in Fig. 1 , which indicates that, though the death rate is rather high among children, the heaviest mortality during 1950-53 was experienced by men and women between the ages of 65 and 80. The apparent tendency for risk of death from leukaemia to decline after the age of 80 may be merely a transient feature of the age-specific mortality curve. This is shown by Fig. 2 which presents a longitudinal or "cohort" view of the mortality experienced by groups of persons born in different decades. Members of the 1871 cohort were subject to a much greater risk of death from leukaemia during their early eighties than at any previous period of their lives. Later "cohorts" have also experienced a much more rapid increase during adult life in the risk of death from leukaemia than is suggested by the cross-sectional view shown in Fig. 1 . Thus the age-curve for death from leukaemia seems likely to take on a shape something like that regarded by Nordling (1953) as typical of malignant diseases.
Different age groups show wide contrasts in the proportion of deaths ascribed to each type of leukaemia (Fig. 3) . Among young children the lymphatic type is nearly twice as common as the myeloid type. By the age of 30 these proportions are reversed, but lymphatic leukaemia appears to increase in relative importance during the forties and fifties, and again becomes the commonest type at ages over 70. This relationship between age and the ratio of lymphatic to myeloid incidence is of interest because comparisons will be made below between populations in which no distinction as to type of leukaemia is possible. There is a slight presumption that when a population has an excess of leukaemia in the central age groups this may be associated with a relatively heavy mortality from the myeloid type. Conversely, if a population is found to suffer an excess of leukaemia which increases with age, then this may be associated with a heavy mortality from the lymphatic type. YEARS OF AGE The peak of mortality in the under-5 age group, unlike the later peak, seems to be a permanent feature of leukaemia. It is possible to locate this early peak more accurately by using the numbers of deaths and population at risk which are available for individual years of life from 0 to 5. These figures reveal a marked discontinuity in the risk of death from leukaemia during early childhood (Fig. 4,  opposite) .
In the first few months of life the death rate was between 25 and 30 per million and in the second year of life only a little higher. But Cooke asserts that the age-incidence curve of leukaemia in childhood follows that of the acute childhood infections which she considers to be important factors in the causation of leukaemia. As far as fatal cases of childhood exanthemata are concerned this is certainly not true, but the age-curve for leukaemia may conceivably follow the ageincidence curve of non-fatal cases. However, Cooke's hypothesis would in any case not explain the recent accentuation of the leukaemia peak in childhood.
REGIONAL VARIATION wrriaN ENGLAND AND WALES
Death from individual causes in the different regions of England and Wales are published only for a selected list of diseases, which did not include leukaemia until 1950. Consequently, only 4 years' records of leukaemia deaths (numbering 7,923) are available for analysing regional variations in mortality.
The method of analysis used here is identical with that used by the Registrar-General in his studies of occupational mottality. Age-specific death-rates for the country as a whole have been applied to the numbers of persons of various ages in each local population to obtain a "standard" number of deaths.
When divided into the number of deaths in any area, this provides a mortality ratio, conventionallyexpressedas a percentage. Forthe present purpose nine age groups have been used for each sex so that the standard number of deaths for a region is the sum of eighteen separately-calculated expectations.
The results of this analysis are shown in Table II . There is a fairly regular gradient in leukaemia mortality from a relatively low level in the north of England to a level about half as high again in the south. That is, the variation is about as great as (but in a generally contrary direction to) the regional variation in stillbirths and neonatal deaths, both of which are considered to be fairly sensitive to local conditions. This north-to-south gradient may owe something to the varying proportions of each economic class which are found in the different regions, but the regional differences in leukaemia are too large to be regarded as secondary to economic differences. The same general gradient can be observed in mortality ratios calculated for the sexes separately. had had any important effect on the reported death rate from leukaemia.
So slight are the differences between the county boroughs that regional variation can be shown to arise chiefly from variations in rates outside the main towns. The ten standard regions other than London have been grouped in two sets of five (on the basis of their mortality ratios), and the registered and standard deaths have been aggregated for each set (Table III) . Table IV ).
Scotland.-The number of deaths from leukaemia registered during 1950-52 was 635. This is very close to the 659 deaths which would have been expected on the basis of the age-specific rates for England and Wales. The ratio of myeloid to lymphatic cases was, however, higher than in England and Wales. This observation may be related to the apparent tendency for the Scottish death rate to be relatively high during the middle part of life, when the proportion of myeloid cases is highest (Fig. 3) These "extra" deaths cannot be located precisely from the published statistics for localities of Northern Ireland, since these figures do not separate leukaemia from Hodgkin's disease.
Eire.-The mortality ratio is even lower than for the northern part of the island, and again the greatest deficit in "expected" deaths was in the oldest age group. U.S.A.-During 1949-50 leukaemia mortality was much higher than in England and Wales; the high total resulted from the large number of deaths attributed to leukaemia among the white population. Whereas young men and women on each side of the Atlantic appear to be about equally liable to die of leukaemia, the rates for individuals who were past working age were two or three times higher in America than in England. This suggests the possibility of a difference in diagnostic standards, at least in elderly patients. But the differences between the two countries for neoplasms of some other sites, where the diagnosis is rarely in doubt, are equally great. A national difference in diagnostic practice could not explain both comparisons in Table IV , since non-white Americans had, generally, speaking, much lower death rates from leukaemia than the English. Despite the very low rates for non-whites at each extreme of life, the mortality ratio for coloured persons in the age group 35-44 was even higher than that for white Americans. A closely parallel finding for cancer of the lung has been reported by Hoffman and Gilliam (1954), who comment: This age differential in rates does not appear to be consistent with the view that the lower total mortality for the non-white population is due to inadequate diagnostic facilities.
Mortality differences between the white and coloured population of the United States are variously interpreted as being due to racial, social, or geographical factors. There is little evidence that racial or genetic factors are important in human leukaemia, however, and no study of the geographical distribution of the disease within the United States is yet available. It therefore seems reasonable to regard the relatively low rates among non-whites as evidence of the influence of social conditions (see below). The social gradient for married women was as great as that for men.
Occupation.-None of the individual occupations distinguished in the Registrar-General's analysis had a significant excess of death from leukaemiaa, etc.", but employers, and managers as a whole (all in Social Class II) had a mortality ratio as high as that of Social Class I. It is not easy to believe that an occupational factor could explain the high rate among employers and managers; this and the general social gradient are more likely to have resulted from some factor common to all well-paid persons at that time ). An abbreviated analysis of mortality in the different economic strata of England and Wales has been prepared (RegistrarGeneral, 1954 ) from the deaths registered during 1950 together with the oNE per cent. sample of the 1951 census records. This agrees with the previous analysis in indicating a* social distribution of leukaemia which is:
(i) unfavourabe to the higher income groups, (ii) more uneven at ages over 65 than during working
life.
An economic gradient in leukaemia has been reported from the U.S.A. by Sacks and Seeman (1947) , where the excess again occurs at the upper end of the economic scale. In the United States also an occupational risk has been established by March (1950) , who estimates that radiologists have a death rate from leukaemia nine times as high as that for other physicians. This implies a very high risk indeed, as the control group used-physicians other than radiologists-are thought by Peller and Pick (1952) to have a death rate from leukaemia about three times as high as that for the general white population.
TREND AND POSSIBLE SHORT-TERM CHANGES IN

LEUKAEMIA MORTALrrY
As measured by the Comparative Mortality Index (which allows for changes in the agecomposition of the population) leukaemia mortality in England and Wales was more than 21 times as heavy in 1953 as it had been in 1931. In each sex the course of this Index has been close to an exponential curve, correlation coefficients between the logarithm of the index and time being +0 99 and +0 98 for males and females respectively. The rates of increase over this period, estimated from fitted curves, were 4.3 per cent. per annum for males, and 4*0 per cent. per annum for females..
Despite the close fit of the annual points to the logarithmic trend, there were significant differences between the actual and "expected" numbers of deaths.* The outstanding years were 1941 and 1948, in (Massey and Logan, 1951) , Table V is of interest. It is well known that by intensive inbreeding strains of mice can be produced which differ sharply in their liability to develop leukaemia. The very rapid increase of this disease in man within the last generation cannot, however, be attributed to genetic influences. We are therefore obliged to look for some new factor (or factors) in the environment, which has been operating for 25 years at least, and possibly since the 1860s. Men and women appear in general to be equally exposed to this influence, so that the overall increase in mortality is unlikely to be related to such variables as occupation, smoking, or cosmetics. A dietary habit, such as the consumption of a preserved, dyed, or synthetic food, would provide a more plausible hypothesis for investigation, particularly as some dyestuffs are known to be capable of causing malignant change in human cells. Sulphonamides and the newer antibiotics, which some doctors have regarded as possible agents, have not been available long enough to be held responsible for the rising mortality, for the trend of leukaemia has shown no important change since 1931 (and possibly earlier). On the other hand the use of X rays goes back to the beginning of the century. X rays are known to act as a leukaemogen or co-leukomogen on laboratory animals, and are thought to be responsible for the one established example of occupational risk of leukaemia. Gamma radiation has also been incriminated as a cause of leukaemia in survivors from the atomic explosions in Japan (Folley, Borges, and Yamawaki, 1952) .
The influence should also be one to which residents in the south and south-east of England have been more exposed than those in the north and north-west. It must affect the rich more than the poor, but must by now be widely diffused through society, for the mortality contrast between the most widely separated social groups is less than that between the 1931 and 1953 rates for the community as a whole. The geographical variation within England may have a common source with the social variation, since the areas most affected are those in which the standard of living is highest. But variation in living standards cannot explain all the geographical variations in leukaemia. For example, the gross excess of leukaemia in Denmark by comparison with neighbouring Germany must be attributed to something more specific than the general standard of living. It is not impossible that the higher rate in Denmark may have arisen from an exceptionally wide use of radiography and radiotherapy. SUMMARY The incidence of deaths attributed to leukaemia is shown to have varied greatly: In all five of these contrasts the sexes have been affected to an approximately equal extent and the oldest age group has been affected more than any other.
Four anomalous findings are the following: (i) there is an abrupt increase in the risk of death from leukaemia between the ages of one and two; (ii) the regional variation within England hardly affects the leukaemia mortality of the County Boroughs;
(iii) the otherwise steady rise in the Comparative Mortality Index appears to have been interrupted in 1941 and again in 1947-48; (iv) the numbers of male deaths from leukaemia per quarter in recent years show non-random fluctuations which do not appear to be either secular or seasonal.
